The need for routine prolactin (PRL) measurement in the initial evaluation of erectile dysfunction (ED) has been questioned because of the low rate of hyperprolactinemia (HP) in these men and the costs involved. In addition, it is widely thought that sexual desire problems are a good clinical marker for HP andaor low testosterone in men with ED. Within a 15-month period, 844 consecutive PRL and sexual hormone determinations were conducted in men at the Kingston General Hospital. Of these patients, 138 were comprehensively evaluated at the ®rst visit for ED and completed the International Index of Erectile Function (IIEF). In the 138 patients, 2.2% had severe hyperprolactinemia (b35 ngaml), within the range of 1 ± 5% previously reported. No correlation between initial prolactin value and the sexual desire domain or the erectile function domain (EFD) of the IIEF was found for this population. However, all cases of severe HP were found to occur in men who scored less than 10 in the EFD of the IIEF. Low libido is widely accepted as a marker of HP. In this study, HP was found in patients not reporting major problems with a desire disorder. Clinically signi®cant HP may be reliably found with routine biochemical evaluation and in this series was not detected in patients with EFD scores above 10. A routine PRL measurement is inexpensive and early detection of a serious and treatable disease may afford greater therapeutic success.
Introduction
The need for routine prolactin measurement in the initial evaluation of erectile dysfunction (ED) has been questioned because of the low rate of hyperprolactinemia (HP) in these men and the cost of conducting routine measurements. 1, 2 Furthermore, it is commonly accepted that poor libido is an adequate clinical marker for HP andaor low testosterone in men with ED and so may serve as the basis for selective prolactin (PRL) determinations. 3, 10 This is based on the observation that decreased libido levels may be correlated to increases in that individual's PRL level. However can a single initial assessment of libido be predictive of HP for any given man presenting with ED? If so, then the initial libido status can be used to conduct selective PRL measurements. To address this question, we have compared the initial libido status (using various indices of sexual desire) with corresponding initial PRL levels of men with ED. To address the cost of routine PRL measurements, we have determined the prevalence of HP and calculated the cost of detecting a single case in the ED clinic.
The increased availability of effective treatments for ED which do not address the underlying disease presents a challenge to the accurate diagnosis of ED. 4 There are now reports indicating that successful treatment of ED may occur despite potentially signi®cant HP. 5 A case of missed HP in which sildena®l improved sexual function has been described. 5 To demonstrate the value of routine PRL measurement in all men presenting to the ED clinic, this report presents an additional case of a man whose ED initially improved with sildena®l. The result from the routine PRL measurement was investigated at a later time and indicated that the underlying cause of his ED was in fact HP.
Materials and methods
Within a 15-month period (4 January 1999 ± 13 April 2000), 844 consecutive PRL and sexual hormone determinations were conducted in men at the Kingston General and af®liated Queen's University hospitals. Three hundred and seventy-four of these men were examined by a physician for a urological condition. Of these men, 138 were comprehensively evaluated at the ®rst visit for ED and completed the International Index of Erectile Function (IIEF). 6 A thorough sexual, medical and psychosocial history was taken and a focused physical examination was performed on every patient with ED. 7 Eighty-seven patients also answered a single question asked by an experienced interviewer in a customized inventory (CI) of sexual status designed to ascertain the libido level (increased, stable, or decreased). ED was de®ned as dif®culty in initiating andaor maintaining an adequate erection to effect penetration and ejaculation. 8 Erectile function and sexual desire were determined by the Erectile Function Domain (EFD) and Sexual Desire Domain (SDD) of the IIEF. All men presenting to the ED clinic had a routine PRL measurement conducted at the ®rst visit.
All serum values were obtained by the Kingston General Hospital Biochemistry Laboratory. Free and total testosterone, luteinizing hormone (LH), follicular stimulating hormone (FSH) and glucose were measured using standard techniques. PRL was measured using the Bayer Immuno 1 Automated Immunoassay Instrument (Tarrytown, NY).
The total number of men with high PRL levels requiring treatment were reported. Characteristics of all found cases were evaluated. One instructive case of missed HP, initially treated with sildena®l is described in full.
The total cost of conducting a routine PRL measurement, and the cost of detecting a single case of true HP in the 138 patients was calculated. We also analysed data from a new group of patients presenting to the ED clinic from January 1997 to January 1999, in order to con®rm our initial ®ndings.
Results
The average PRL levels per decade for 427 determinations (374 patients) ordered in association with a urological condition was determined as detailed in Table 1 . Complete PRL and IIEF scores were available for 138 cases. Three patients out of these 138 (2.2%) had PRL levels above 35 ngaml which corresponds to markedly high or severe hyperprolactinemia. 2 Six patients out of 138 had mild HP de®ned as being 15 ± 35 ngaml. 2 A statistical correlation between initial testosterone and PRL levels was not found for the group of men with ED ( Figure 1) . However, all cases of severe HP were found to occur below 10 nmolal. Many hypogonadals were found not to have HP. Four out of six cases of mild HP were found to occur within the normal range of testosterone. There was no statistical correlation between the initial SDD score and testosterone levels for this population of men ( Figure 2A ). Although PRL is commonly associated with low desire in individuals, 2,10 the initial SDD scores for this population were not found to correlate with the corresponding PRL levels obtained ( Figure 2B ). The three cases of severe HP found were associated with a SDD score of less than 5. Testosterone levels were not statistically correlated with the EFD score ( Figure 2C ). A surprising relationship between PRL and erectile function was found. All men with mild and severe HP were found to have an EFD score below 10, suggesting a clinically important effect of PRL on erectile function ( Figure 2D ). To con®rm these ®ndings, a new group of patients was analysed. Analysis of PRL levels determined between 1997 and 4 January 1999 revealed that all cases of HP were again found to occur in men who scored less than 10 in the EFD of the IIEF ( Figure 2D ).
This study revealed no statistical correlation between the initial SDD score of the IIEF and PRL, but can a correlation be found using an alternate index of desire? Data generated from the single question (`Is your libido decreased?') in a CI of sexual status was available for 87 patients. The average PRL levels in patients reporting decreased libido in the CI was not signi®cantly different from those reporting normal libido ( Figure 3A ). This suggests that the CI, and again the initial desire Severe erectile dysfunction and prolactin AM Johri et al status, were not predictive of PRL levels in this study. As expected, the average SDD score of patients reporting decreased libido in response to the CI was lower than the average score of patients reporting normal libido ( Figure 3B ). The average EFD score from the IIEF of patients reporting decreased libido in the CI was not signi®cantly different from those patients reporting normal libido in the CI ( Figure 3C) . The average testosterone level in patients reporting decreased libido was not signi®cantly different from those reporting normal libido ( Figure 3D ).
In summary, the psychometric indices of desire and erectile function used routinely by our clinic were not predictive of HP or hypogonadism. However, all cases of HP occurred in patients with an EFD score below 10.
Case study
The patient was a 50-y-old white man with no signi®cant past medical history who was referred to the ED clinic. The patient presented with poor sexual function in a new relationship with a signi®cant anxiety interaction component. The IIEF scores were rated as follows: Erectile Function Domain (6a30), Orgasmic Function Domain (2a10), Sexual Desire Domain (4a10), and Intercourse Severe erectile dysfunction and prolactin AM Johri et al to bromocriptine. Within 2 weeks of bromocriptine treatment (2.5 mg), the patient's sexual function was improved in all respects as identi®ed by patient and partner. After 4 weeks of bromocriptine therapy the IIEF score was rated as 30a30 for the EFD without any use of sildena®l. PRL levels were stabilized within the normal range. The patient elected to remain on bromocriptine therapy.
Discussion
Consensus on the role of routine PRL measurement in the initial evaluation of men with ED has not been established. Akpunonu et al evaluated the prevalence of HP in 212 impotent men and found the prevalence too low (1.4%) to justify a routine PRL screen at their institutional charge of $57 for each determination. 1 Selective determination in patients with low testosterone was suggested. We were unable to ®t a curve to the initial testosterone levels and corresponding PRL levels for a population of men with ED. Testosterone may fall as PRL rises in an individual, but for our population of men, the initial testosterone level was not predictive of the PRL level. As seen in Figure 1A , several men with low initial testosterone levels had normal or low PRL levels. Determination of PRL only in the case of markedly low initial testosterone (below 4 nmolal) would have missed ®ve of the six cases of mild HP and two of the three cases of severe HP. Determination in cases of testosterone below 10 nmolal would have encompassed all cases of severe but not mild HP.
Johnson et al found a prevalence of 2.1% for HP in 330 impotent patients and recommended screening men only with low libido or bilateral testicular atrophy considering that their cost for a PRL level was $92. 9 We found a similar prevalence of severe HP (2.2%) but no clear association between libido and PRL at the population level. HP has been associated with loss of libido in individuals, 10 but can an initial assessment of libido on its own predict whether an individual will have de®ned HP? We found that if determining PRL only in cases of low sexual desire (SDD score below 3), more than 50% of the cases of HP would have been missed. Measuring PRL when the SDD was 5 or below would encompass the cases of severe but not mild HP.
When applied to a population of men with ED, the SDD of the IIEF and the direct questions about sexual desire and libido (the CI) do not select for patients likely to have high PRL. Within an individual, the changes in the SDD or CI may be so striking when the HP is treated that there is no doubt about the link, for that individual, between PRL and libido. However these instruments appear not to be precise enough, and PRL, libido, and testosterone are subject to so many unrelated in¯uences, such that the instruments have no discriminatory value in terms of deciding when to measure serum PRL at ®rst contact.
In keeping with the distinction made between an individual and a population of men with ED, we were unable to ®nd a statistical correlation between the initial EFD score of the IIEF and PRL levels for the group studied. However, 100% of the cases of mild to severe HP were found to occur in men who scored less than 10 in the EFD of the IIEF questionnaire. This score has been shown to agree with a severe degree of ED. 11 Though a low EFD score is not predictive of HP (many more men with low scores had normal to low PRL, Figure 2D ), this value serves as a useful cut-off point, below which, one cannot elect to forgo PRL determination.
When evaluating the association between HP and disease, it must be considered that several PRL variants have been detected both in normal individuals and in a variety of disease states. 12 The high molecular weight forms which are named`big' (50 ± 60 kDa) and`big ± big' (150 kDa) PRL are less active in vivo andaor are transported less easily across the capillary bed than the 22 kDa molecules. 13`B ig' and big ± big' PRL (macroprolactinemia) do not appear to contribute to ED. 14, 15 For this reason, Cavaco et al. suggest PRL measuring methods which are less sensitive to the presence of`big ± big' PRL in order to differentiate clinically important HP from that caused by macroprolactinemia. 16 The assay used to measure PRL in this study could not exclude macroprolactinemia and was unable to identify which PRL variant was being measured. It is therefore possible that some cases of HP detected in this study could be due to the presence of`big' or`big ± big' PRL. In these cases, the ED may be associated with psychological ED rather than being associated with PRL. A PRL assay insensitive to`big' or`big ± big' PRL would be the ideal method to avoid these issues.
The rate of HP obtained in this study (2.2%) ®ts within the 1 ± 5% range of previous studies. 1,2,9,17 ± 19 Compilation of these studies with ours results in prevalences of PRL greater than 35 ngaml at 0.9% (28 out of 3265) and of pituitary adenomas at 0.4% (18 out of 4501). If a PRL determination had not been conducted in the 138 cases studied, nine cases of HP above 15 ngaml, and three cases above 35 ngaml could have been missed. The cost of conducting a routine PRL measurement in the 138 men was $182 at the incremental cost of $1.32 per determination at this institution (all ®gures $US). The cost of detecting a single case of severe HP is only $60.72 at this institution. Utilizing a private laboratory in our region, the cost of detecting a case of severe HP in men presenting to the ED clinic would be $851 at a charge of $18.50 per PRL determination. Although it is dif®cult to compare costs between institutions with variable cost contributors and billing systems, it is clear that in this environment, a routine PRL Severe erectile dysfunction and prolactin AM Johri et al level is a relatively inexpensive method of detecting a serious but reversible disease process. Previous studies identi®ed PRL levels above 35 ngaml as markedly high. 2 Our analysis of 138 impotent men showed that two men out of six with PRL levels between 15 and 35 ngaml were found to have a pituitary microadenoma. Therefore further investigation of the etiology of ED in men with even moderate HP may aid in the initial diagnosis.
Finally, this report suggests that with the advent of medication which improves ED without addressing the underlying disorder, a routine PRL measurement in all men presenting to the ED clinic will avoid missing HP. Our case study describes a man who was initially treated with sildena®l for ED. Despite the improvement in sexual function with sildena®l, the result of a routine PRL measurement was fully investigated at a later time to comply with the routine protocol used in this clinic for the initial assessment of ED. The existence of this protocol was fortunate for the patient as the routine PRL measurement revealed HP. The patient's therapy was then switched to bromocriptine. Thus timely detection of HP allowed treatment of the underlying cause of sexual dysfunction. HP resulting from pituitary adenomas can have serious consequences if left unrecognized. 20 Individuals with such lesions may present with loss of libido, ED, ejaculatory incompetence, reduced seminal volume, gynecomastia, and visual ®eld disturbances and local compressive symptoms in males. 21 As reported previously, in a series of 22 male patients with PRL-secreting pituitary tumors, 91% had ED and decreased libido. 22 The man in this case study had no clinical signs of HP other than ED, and reported normal libido in response to at least one index of desire used. The absence of clinical markers of HP in such cases illustrates the importance of a full assessment for the cause of ED before any therapy in order to avoid missing the diagnosis of a potentially curable or serious disease. 23 
Conclusion
Our analysis of 138 men provides systematic evidence to support the`Process of Care' model recommendation that a routine PRL level determination should be conducted in the initial evaluation of ED. 7 Data generated by psychometric indices of desire (such as the SDD of the IIEF and the single question CI) did not serve as a predictor for both mild and severe HP. Low testosterone alone cannot substitute as a predictor for HP. Selective PRL determination based on these indices would result in missed cases of HP. If PRL can only be determined by an institution in select cases, then a low EFD score on the IIEF (below 10) should be included as an additional¯ag for testing PRL levels.
Our data suggests that the safest approach would be to conduct routine PRL measurements in all men presenting to the ED clinic. This becomes especially important in light of the increased use of medications that improve ED (and some that may affect libido) without addressing the underlying pathology. A routine PRL measurement is relatively inexpensive in this environment and early detection of a potentially serious and treatable disease may afford greater therapeutic success.
